Decomposition and nutrient release of the residue subsequent to mowing weeds remain poorly understood in persimmon orchards of South Korea. The litterbags including various weed residues were deposited on the soil surface under the tree canopy to simulate the fate of weeds mowed on 13 May, 13 July, and 13 September 2011 and 2012. Rate of decomposition and nutrient release of the residues depended on different mowing times. Residual dry mass (DM) of the 13 May weeds decreased by 17% -21% of initial DM during 1 month and by 63% -71% until 2 months after litterbag deposition, and they released 51% -67% of nitrogen (N), 54% -55% of phosphorus (P), and 92% -94% of potassium (K) of respective initial amount until the first 2 months. The 13 July weeds rapidly decomposed during the first month, accounting for 51% -64% of DM and released 49% -67% of N, 27% -54% of P, and 76% -77% of K. When mowed on 13 September, the weed residue decomposed slower and longer than the 13 May and 13 July weeds, losing 48% -51% of DM, 36% -39% of N, 60% -64% of P, and 70% -77% of K during the first 2 months but continuing an active decomposition even at 6 months after the deposition. The results indicated that time of supplemental fertilization should be adjusted depending on mowing times, and the mowing times be controlled to meet seasonal demand of persimmon trees for nutrients.
growing various weeds which are periodically mowed or sprayed with herbicides to prevent their excessive growth. The weeds have been used as one of the most important sources to improve the organic matter supply into the soil of the orchards. When the weeds were mowed in an orchard throughout a year, DM produced per ha reached to 15 ton but they compete with crops for nutrients from the soil [1] . Weeds can take up 232 kg N, 42 kg P, and 267 kg K per ha during the year in pear orchard of South Korea [1] . Once the residues from cover crops are deposited on the soil surface, inorganic nutrients contained in the residues are released to the soil throughout the decomposition, increasing their availability, and they may be taken up by succeeding crops [2] [3] . Therefore, cycle of nutrients after mowing weeds can play an important role for nutrient supply to maintain productivity of persimmon trees.
In sod culture using legumes and gramineous cover crops, the effectiveness of released nutrients and fertilizer value of the sods are affected by the rates of decomposition and nutrient release from the residues [4] [5] . The residue decomposition and nutrient release are dependent on residue quality and quantity, moisture and temperature, and specific soil factors such as texture, mineralogy and acidity, microbial activity, and the presence of other nutrients [5] [6] [7] [8] .
Therefore, pattern of residue decomposition can also be changed depending on whether placing the residues on the soil surface or incorporated them into the soil. Several studies have shown that burying the residues into the soil accelerate decomposition more than placing on the soil surface, by exposing a larger surface area to microbial activity [2] [9] [10] .
In hairy vetch, most nutrients in the residues may be released in the first 30 days after the residue deposition on the soil surface [6] [9] . However, the nutrient release is negatively correlated with carbon-to-nitrogen (C/N) ratio [11] . Lupwayi et al. (2004) found that under conventional tillage clover released up to 70% of the residue P after 12 months [12] . In Nordic conditions, 80% of P and 89% of K was released from legume shoot residue in 6 months after soil incorporation [3] .
In Korean persimmon orchards located at slopes and rugged lands covered with naturally growing weeds, the decomposition of weed biomass and the nutrient release remain poorly understood. The weeds consist of various species depending on different orchards and seasons, and they are mown or sprayed with herbicides 2 to 5 times a year. It is supposed that patterns of the decomposition and nutrient release of the weed residues would be widely varied due to different weed species and mowing times, affecting nutrient uptake of the trees.
The objective of this study was to determine the residue decomposition and the nutrient release in fields grown with persimmon trees.
Materials and Methods

Experimental Site
The experiment was conducted at Sweet Persimmon Research Institute (35˚16'N;
128˚43'E), Gimhae, southern area of South Korea. The experimental orchard was Journal of Agricultural Chemistry and Environment 
Litterbag Deposition
The litterbag deposition, as described in previous studies [2] [3] [9] , was designed for simulating the fate of weeds mowed at three different times, on 13
May, 13 July, and 13 September 2011 and 2012. The mowing dates were chosen to be similar to general mowing times in most persimmon orchards. The weeds were mowed at 3 cm level above the ground to be used as samples. The weed species at each mowing times are similar between the both years. Percent range of dominant weeds was approximately calculated by weighing each one from fresh samples of 2 kg. The weeds on 13 May contained 25% -30% quackgrass (Agropyron tsukusinense var. transiens), 15% -20% pigeonvetch (Vicia hirsuta), and 15% -20% field horsetail (Equisetum arvense); on 13 July, 50% -60% southern crabgrass (Digitaria ciliaris) and 10% -15% green foxtail (Setaria viridis); on September 13, southern crabgrass 65% -70% (Digitaria ciliaris) and green foxtail 10% -15% (Setaria viridis) (Table 1) .
After being chopped to about 10-cm length and mixed, fresh weights of weeds for adding to each litterbag were measured and labeled the bags. Weight of the weeds within a litterbag ranged from 350 to 400 g. The litterbags were created with 60-mesh nylon fabric and dimensions of 50 × 25 cm. In addition, by weighing fresh and dry matter of some sample weeds, dry weight (DW) ratios were calculated to determine initial DW of weeds within each litterbag. The DM were weighed after drying at 80˚C for 48 h and used to analyze C/N ratio, N, P, and K. By taking the concentrations of N, P, and K and the weed DW, initial amount of the nutrients was calculated for all the litterbags at different mowing times.
The bags more than 12 per tree were deposited on the soil surface within 2-m periphery from the trunk under tree canopy on three mowing dates in both years. Three tree replications were imposed for the litterbag deposition of each mowing date. The bags were not contacted with drip emitters and fixed on the soil surface by iron bars to prevent possible movement caused by wind. Weeds grown from gaps between the bags were cut at 5-cm level above the ground on the three mowing dates. To minimize external influence on the decomposition of weeds, compost or fertilizers was not supplied to the deposit sites during the experiment after the fist deposition on 13 May 2011. Pruned branches and fallen leaves from the persimmon trees were also removed from the site.
Sampling and Measurement
Three litterbags were sampled from the three deposit sites at one month interval from the deposition day until 13 November the mowing year and on 13 March, 13 June, or 13 September the next year. Soon afterwards, the residues were removed from litterbags and washed immediately with distilled water. Drying at 80˚C to a constant weight, the residues were weighed to determine ratios of DM remained from decomposition of initial DM and used as sample to analyze N, P, and K. Dried samples were ground with a Wiley Mill (3383-L10, Thomas Scientific, Swedesboro, NJ, USA) to pass through a 20-mesh screen. C/N ratio was determined by dry combustion method on a CNS analyzer (Vario-Max, Elementar, Hanau, Germany). To determine total N, 0.2 g sub-samples were analyzed with a Kjeldahl instrument (Kjeltec 2300, Foss Co., Hgans, Sweden) by using the micro-Kjeldahl method [13] . P and K were analyzed by inductively coupled plasma emission spectrometer (ICPS-7510, Shimadzu Co., Tokyo, Japan) after digesting a 0.5 g sample with HClO 4 and H 2 SO 4 on a heating block according to the Methods for Chemical Analysis of Soils and Plants [14] . By taking the concentrations of N, P, and K and the weed DW on sampling date, ratios of the nutrients remained after releasing from initial contents in a litterbag were calculated.
Data Analysis
Means and SE values for weeds were calculated based on the data from 3 litterbags at each sampling time. The statistical software package SigmaPlot program (Version 8.0, SPSS Inc., USA) was used for data analysis. Table 1 shows C/N ratio and nutrient concentration of weed DMs before the litterbag decomposition on 13 May, 13 July, and 13 September 2011 and 2012. C/N ratio ranged from 12.5 to 21.8 in both years, being the highest when weeds were mowed on 13 September. N concentration was at 2.42% -2.96% for 13 May and 13 July weeds but it decreased to 1.5% -1.73% for 13 September weeds. P ranged from 0.23% to 0.41% and K from 2.43% to 5.77%, exhibiting no consistent changing of the concentration depending on the different mowing dates.
Results
Characteristics of Mowed Weeds
Weeds Mowed on 13 May
When litterbags including weeds were deposited on the soil surface after mowing them on 13 May, the residual DM within litterbag decomposed mostly until 2 months after the deposition (Figure 2 ). DM remaining (% of initial DM) decreased by 17% -21% during the first month and by 63% -71% by 2 months, and then it gradually decreased by 79% by 6 months (13 November). N release from the residue followed pattern of DM decomposition, but it changed depending on the mowing years, being greater in 2012 than 2011 weeds. N remaining (% of initial content) in the residues of both years decreased by 18% -28% during the first month and by 51% -67% after 2 months, and then by 70% -77% until 13 months (June 13 the next year). P of the residue did not easily release as fast as N. P remaining decreased by 67% -84% during the first three months and by 85% -93% until 13 months in both year weeds. The most rapidly released nutrient was K that released 29% of initial content during the first month but by 92% -94% until 2 months. Journal of Agricultural Chemistry and Environment 
Weeds Mowed on 13 July
In litterbag deposited after 13 July mowing, decomposition of the residue differed from the 13 May weeds. During the first month, 51% -64% of DM was lost (Figure 3 ). DM remaining decreased by 63% -83% until 4 months and then stabilized, maintaining higher ratio in 2011 weeds. Release of N within litterbag followed DM decomposition as like in 13 May weeds; N remaining decreased by 49% -67% during the first month, and by 54% -73% until 2 months but the N release was not apparent after 4 months. Residual P gradually decreased by 72% -90% until 4 months, maintaining higher ratio in 2011 weeds. Among the nutrients, the most drastic release was observed in K, 76% -77% of which was released during the first month and 90% -99% until 2 months.
Weeds Mowed on 13 September
After 13 September mowing, decomposition and nutrient release of the residue were slower and longer, compared with those of 13 May and 13 July weeds in both years (Figure 4 ). DM remaining decreased by 30% -37% during the first month and by 48% -51% until 2 months after litterbag deposition. DM slowly decomposed in cold, dry season from 2 months (13 November) to 6 months (13 March), gradually decreasing by 74% -77% until 12 months (13 September the next year). The residue released 36% -39% of initial N until 2 months but after Journal of Agricultural Chemistry and Environment then the release become slow losing 62% -66% until 12 months. P was gradually released by 60% -64% during 2 month and by 98% until 12 months. The weed residue the most rapidly lost K among the nutrients just as in the May and July weeds, releasing 70% -77% K during 2 months after the deposition, and the release continued even in winter reaching at 91% -95% of initial content until 6 months.
Discussion
Although weed species were different on three mowing dates, DM loss was fastest near summer when temperature and rainfall were the highest in the year, while it became slow in spring or autumn. DM decomposition might have been promoted by rising air temperature and by rainfall in summer [6] [15] [16] . High temperature and rainfall affect microbial activity and the removal of soluble compounds, increasing decomposition and consequent reduction in residual DM [12] [17] . Due to lower temperature and lower water availability, September weeds slowly decomposed from 2 to 6 months after litterbag deposition. Likewise, greater decomposition of July weeds in 2012 than 2011 could be related in part to higher rainfall in September of 2012 (Figure 1 ). In addition, higher C/N ratio of September weeds (Table 1 ) might also delay the decomposition [11] [18] . Although weed species were different, release of nutrients from the residues might be dependent on different mowing dates just as decomposition of DM.
During the first month after deposition, the nutrients released the fastest in July weeds but the slowest in May weeds. These results indicated that the nutrient release is significantly promoted by higher temperature and rainfall condition due to fast decomposition and leaching [8] [15] [16] . Nutrient compositions and lignin and cellulose contents, and microorganisms could affect the releases [7] [8] [19] .
Pattern of N release similar to the residue decomposition has been reported in the previous results [2] [20] . Therefore, N remaining decreased with more similar pattern to the DM than P and K remaining on different mowing dates. N release from the residues might be affected by chemical composition of weeds, since N release is negatively related to ratios of carbon to N, polyphenol to N, lignin to N, and polyphenol plus lignin to N [11] [18] [21] .
On the other hand, P and K releases from the residues did not follow the residue decomposition, as previously reported for organic substrates [22] [23] . Residual P and K decreased approximately by 100% until 10 months after litterbag deposition, much more than DM and N. Fast release of P in the initial stage of decomposition may come from soluble P in the residues and then from mineralization of organic P such as readily decomposable nucleic acids [24] . A previous Journal of Agricultural Chemistry and Environment study [25] also indicated that 40% -60% of total P in grasses and legumes was present as inorganic P and rapidly released after incorporation of the residues into the soil. Thereafter little extra P might be continuously released from organic P compounds like phytin remaining [26] .
It is not surprising that K release was faster than N and P for all mowing dates. This result reflected that K is not associated with structural components of plants, and it is normally found in the soluble form in the residues of cover plant [23] [27] . K release also depends less on microbiological decomposition of the residues, compared with N or P [27] [28] [29] . Thus, the extent of K release from September weeds is greater than N and P, and the release continued even during Winter (Figure 4 ).
Decomposition process of the sod residues increases soil organic matter [30] and nutrient release in the sod residues imply an increase in minerals in the soil [29] [31] . Therefore, the nutrients, returned from the sod litter to soil, could directly determine the nutrient uptake of trees. Persimmon trees uptake mineral nutrients from the soil actively from Spring to Autumn [32] when weeds also vigorously grow. A total of 130 kg N and 100 kg K per ha is recommended as supplemental fertilizers for persimmon during the growing season in South Korea [32] . To clarify whether nutrients released from the weed residues could meet the demands for succeeding growth of persimmon trees, further research is necessary to determine total amount of nutrients in weeds mowed per unit land at different times. However, amount of the nutrient available to the tree may depend on how much of weeds grow again capturing nutrients from the weed residues after mowing.
Since excessive or deficient nutrient application at specific time can cause reduction of productivity or fruit quality of persimmon [33] [34] . The nutrients from the weed residues could significantly affect nutritional status of persimmon trees. If the nutrient release is too fast or slow to become available for the trees, its effect on tree development may be less than desired. Therefore, mowing and fertilization time should be considered as well as amount of nutrients released from the weed residues or fertilizers at the different times. Our results could help to adjust fertilization time after mowing weeds, and to decide appropriate mowing time to meet nutritional demand for the trees, under condition that newly growth of weeds subsequent to the mowing is suppressed during some period.
